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TESTS OF REIl^'FORCED CONCRETE BEAMS
The Effeot of Bending and Anohoring Reinforcing Bars
r. IKTHOrUCTICII.
During the school year 1904-'05, five "beams were
tested at the University of Illinois with the reinforcing "bars
"bent up. Little was learned from these tests except that the
rods were bent up too near the center of the beam and that it
might "be well to anchor the rods. The tendency of a beam to
fail by shear is grefit where the rods in the beam are all
horizontal. That this can be remedied by a proper bending
and anchoring of the rods can not be doubted. V/ith this object
in view the beams used in the present test were made. ITineteen
beams in all were made, all having the same cross—section and
span and all limited to about ifo reinforcement.
The beams are 8 in. x 11 in. x 6 ft. 6 in. This
size v\as chosen because the web stresses can be studied to
better advantage in a beam of this size than one of longer
span. For the same reason the reinforcement was limited to
about ifo. The following order will be followed in describing
the tests:
« UlUC
'
2I, Introduction.
II. Theory and Availa"ble Data,
III. Materials, Test '"ieces, and Methods of Testing.
IV. Experimental Data and Discussion.
V, Conclusions.

3III. THEORY AWD AVAILABLK DATA.
The fornmlas used in this thesis for obtaining the
unit stress in the steel, the unit bond, ancl the unit shear
are derived in the University of Illinois Engineering-
Experiment Station Bulletin No. 4. The formula for the unit
stress in the steel may be found on page 17, Bulletin Ho. 4
and is M = Afd' , d'= 0.86d. M is the resisting moment of the
beam, A is the area of the steel reinforcement, f is the
unit stress in the steel, d is the distance from the com-
pression face to the center of the reinforcement, and d' is
the distance from the center of the reinforcement to the center
of gravity of the compressive stresses. This formula is true
for beams with inclined rods as well as for beams with
horizontal rods. The formulas for the unit bond and unit
shear are not true without modification for beams with inclined
rods but will be used for comparison. The formula for the
unit bond may be found on page 19 of Bulletin TTo. 4, and is
u = where u is the unit bond, V is the total vertical
shear, m is number of reinforcing rods and o is the circum-
ference of one rod. The formula for the unit shear is v = —
,
bd
and may be found on psge 20 of Bulletin No 4. b is the
breadth of the beam and the other terms are the same as before.
The true shear- of the beams which failed outside of the load
points was approximated by obtaining a new value for d' at the
point of failure.

4Heferenoe Is made to Bulletin lHo . 4 of the University
of Illinois Engineering Kxperiraent Station, ppges 44 and 64 for
data concerning previous experinents on "beamB with the rein-
forcing bars bent up; also to the University of V^'isconsin
Bulletin 170. 148. There were also some tests made by the
Boston Transit Commission on beans with the reinforcing rods
bent up, which may be found in the Tenth Annual Heport of the
Boston Transit Commission, published June 30, 1904. All of
these tests differ from the ones under consideration and among
themselves in many minor details.
A very good account of some tests on reinforced
concrete beams with some or all of the reinforcing bars bent
up, both with and without anchorage, may be found in a paper
presented before the V'estern Society of Engineers on October 25,
1905. These tests which were made by Mr. J. J. Harding of the
C, M. , & St. ?. Ry. , are more nearly like the tests described
here than any other tests available. The length of span was
12 ft. All of the beams were made 12 in. wide and the depth,
about 20 in. , was varied with the number and size of the bars,
so as to keep the percentage of the steel to the concrete about
0.75^.
The following conclusions were reached by Mr. Harding:
1. An amount of steel equal to about 0.75^ of the
concrete above the steel is as much as can be economi-cally used
in beams sustaining heavy loads, and subjected to large shearing
stresses.

52, Diagonal reinforoeraent shoiild be used at the ends
of all large conorete 'beams, not only to develop the full
strength of the "bearn, but to prevent a sudden failure.
•3. Diagonal reinforcing bars should be brought well up
to the top of the beam and securely anchored against slipping.
4. The use of small bars is preferable for several
reasons. The elastic limit is higher, they give a better
distribution of the stresses, and they offer a better oppor-
tunity to obtain a satisfactory diagonal reinforcement. Also
they are much easier to handle, and bend in the field.
5. The use of bars larger than 1 in. is particularly
objectionable, both from a practical and theoretical standpoint.
5. The ultimate strength of a reinforced conorete beam
is reached when the steel has been stressed up to its elastic
limit.
The rest of his conclusions concern the position of
the neutral axis.

6III. MATERIALS, TEST PIECES, kWD mUEOV. OF TESTm.
1. Sand.— The sand used in ma'k:ing the "beams oame from
near the Wahash River at Attica, Indiana. It is olean, sharp
and well graded, and contains 32.6'^ voids.
Table 1.
Fineness Test of Sand
1000 grams
.
Per cent
Sieve lo. Passing Retained
6 98.5 1.5
10 74.3 24.2
12 65,5 8.8
16 56.1 9.4
18 43.0 13.1
30 27.3 15.7
40 17.9 9.4
50 • 12.5 5.4
74 5.6 6.9
150 1.4 4.3
200 1.1 0.3
stone .— The crushed stone used was a rather hard
limestone from Kankakee, Illinois. It was ordered screened
through a 1—in. screen and over a 1 ^4—in, screen. It contains
43.8^ voids.
Table 2.
Mechanical Analjjsis of Stone
10—lb. samples,
diameter of Mesh Amount Retained Percent Passing
inches. pounds
2 1/2
2
1 1/4
1
1/2
1/4
-
1/8
Passing 1/8
0.00 100.0
0. 00 100.0
0.58 93.5
2.04 73.1
6.65 6.6
.66 1.0
.06 .6
.06

3. Cement .— The cement used in making these beams was
Chicago AA portland cement excepting two beams which were made
of Universal portland cement. The Chicago AA cement was
purchased from a local dealer; the Universal was furnished by
the Illinois Steel Co.
Table 3.
Fineness Test of Chicago AA cement
Sieve Uo. "^ercent Passing
74
100
200
96.0
90.4
69.4
Table 4.
Av.
Av.
Tensile Strength of Chicago AA Cement
.
Mixture lb .per Break. Age Mixture lb. per Break.
lys sq. in. sq. in.
7 1:3 292 Off center. 28 1:3 478 Center.
7 tf 401 do. 28 TT 420 tf
7 n 306 do. 28 »T 485 II
7 » 290 do. 28 tf 525 ir
7 265 do. 28 »» 454 It
7 Tf 315 do
.
28 »l 445 tf
7 lt3 311 28 1:3 468
7 Heat 755 At center. 28 Neat 520 End
7 Tl 635 In grips. 28 IT 905 Center.
7 II 675 At center. 28 ft 790 Center.
7 T! 780 do. 28 II 520 Center.
7 Tf 680 do. 28 tl 810 End.
7 t» 670 do. 28 It 780 Center.
7 tr 701 28 If 721

84. Test Pieces All of the beams tested were made of
one part of cement, two parts of sand, and four parts of "bro'ken
stone. They were all 5 ft . 6 in. long. The cross section
was 8 in. x 11 in. , the rods being placed 10 in. from the top
of/bhe beam. The beams were made by men accustomed to worlc of
this character.

9Fig. 1.
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1
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Sketch Showing Beam in Machine,
The heam was placed in the machine as shown in
Fig. 1, care being taken to center the beam both transversely
and longitudinally.
The load was applied at the 1/3 points of the span
through a seven inch I-beara by means of two plates set on the
beam in plaster of paris and two turned steel rollers. The
supports had rounded bottoms to permit longitudinal motion of
the beam and the beam rested on two plates four inches wide,
plaster of paris being used to insure a uniform bearing. The
beams were tested in an Olsen 200 000-lb. testing machine,
using a speed of 0.04 in. per minute. The scale beam was \ept
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constantly "balanced while the load was being applied and
readings were taken of the deflection at each P.OOO lb. increase
of load. The center deflections were recorded for both sides
of the beam and the average taken as the actual deflection.
A close inspection of the beam was made after each deflection
was read and any cracks which had appeared were recorded. Ho
longitudinal deformations were measured.
All of the beams tested for this thesis belong to
the 500 series. The different methods of reinforcing the
beams is indicated by the second or third figure, as 513, 514,
521, etc. VThere two or more beams of the same kind were made
they were numbered the same excepting the decimal, as 514,1,
514.2, 514.3, The percent reinforcement was calculated on
the basis that the distance of the compression face to the
center of the reinforcing bars is 10 in,
,
making the total
effective area of the beam 80 sq. in. The percent reinforcement
p is the area of the steel effective area of the steel and
concrete. The following figures and descriptions show the
different methods of reinforcing the beams.
4
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Fig. 2.
1
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Sketch Showing Reinforcement in Beams "flo. 511.1 and 511.2.
1
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Fig. 3.
Sketch Showing Reinforcement in Beams No, 512.1 and 512.2
Beams Ho. 513.1 and 513.2 are the same as 511.1
except that the rods are hooked down at the ends.
Beams No. 514.1, 514 .2. and 514.3 are the same as
511.1 except that the ends of the rods have nuts and washers
on them.
Fig
. 4.
1
4- Q-in. round rod^
2 % ~in, round fods
^ '-^ >
1
a Q
Sketch Showing Reinforcement in Beams No. 621.1. 521.2, 521.5, 521.6
Cummings* Reinforcement.
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Beams No. 531.1 and 531.2 are the same as 51^^.1
except that 5/8 in. rods were used. p = 1.53^.
Beams Ko, 541.1 and 541.2 are the same as 512.1
except that 5/8 In. rods were used with nuts and washers on
the ends. p = 1.53^.
Beams Ho. 551.1 and 551.2 are the same as 511.1
except that the two inside rods are straight.
Tahle 5.
Description of Beams.
Beam
Uo.
511.1
511.2
512.1
512.2
513.1
513.2
514.1
514.2
614.3
521.1
521.2
521.5
521.6
531.1
531.2
541.1
541.2
551.1
551.2
Description Percent
Reinforcement
4, l/2-in. rods "bent to v/ithin 2-1/2 in, of top
at supports, 0.98
do, do. 0.98
4, l/2-in. rods hent to within 5 in. of top
at supports, 0.98
do. do, 0.98
4, 1/2—in. rods "bent to within 2—1/2 in. of top
at supports and hooked. 0.98
do. do. 0.98
4, 1/2—in. rods bent to within 2—1/2 in of top
at supports, ends provided with nuts and washers. 0.98
do. do. 0.98
do. • do. 0.98
Cumraings' reinforcement, see Fig. 4. 1.32
do. do, 1.32
do, do. Universal cement. 1.32
do, do. do. 1.32
4, 5/8—in. rods hent to within 5 in. of top
at supports, 1,53
do , do . 1 . 53
4, 5/8-in. rods hent to within 5 in. of top
at supports, ends provided with nuts and washers. 1.53
do. do. 1.53
4, l/2—in rods, two bent to within 2—1/2 in. of top
at supports, two straight. 0.98
do. do, 0,98
All beams 3 in. x 11 in. x 6 ft. 6 in. 1:2:4 concrete.
Chicago AA cement used unless otherwise noted.
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IV. Er°ERIl«ENTAL DATA AND DISCUSSION.
All of the beams were 3 in. "by 11 in. by 6 ft, 6 in.
The span was 6 ft. All of the beams had the load applied at
the 1/3 points of the span. A sketch of a beam in the
machine ready for testing may be seen on page 9, "Fig, 1. The
general observations are given below for each beam. Curves
showing the deflection of the beam at different loads may be
found at the end of this thesis, Plates 1-19, inclusive.
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Fig. 5.
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Beam Ho. 511.1 after Failure.
The first notioable crack on this "beam appeared at
a load of 13 000 lb. It was a very small crack 2 ft. from
the center on' the right and extended vertically for 3 in.
and then toward the load point 5 in. The next crack appeared
at 14 000 lb. 2 ft. 5 in. to the left of the center and
extended vertically for 5 in. which is the height of the rein-
forcing bars at that point. From the reinforcing bars it
extended almost to the load point. The beam failed at 18 000 lb
by the crack on the left following the reinforcing bars to the
end of the beam. The load dropped quickly to 6200 lb. where
it remained constant. A curve showing the deflections at the
different loads may be seen on page 47.
V
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Beam No. 511.2 after Failure.
The first crack appeared at 13 000 lb., 1 ft. 10 in.
from the center on the left and extended vertically for 4 in.
At 14 000 Ih. a slight crack appeared 1 ft. 9 in. from the
center on the right and extended 4 in. toward the load point.
At 15 000 It. the 'crack on the left had extended almost to
the load point hut 4 in. to the left of it. The load of
15 000 lb. stayed on for 15 minutes, due to a break in the
machine. The beam failed at EO 000 lb. The load dropped
slowly to 4000 lb. and the crack on the left extended along
the reinforcement to the end of the beam. An examination of
the beam showed that the rods had slipped 1/4 in. on the left
end. A curve showing the deflections at the different loads
may be seen on page 48.

Fig. 7.
Beam IIo. 512.1 after Failure.
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At 15 000 Ih, two craoks were noted, one on the
right £ ft. 5 in. from the center, extending vertically 4 in.
and one on the left H ft . 1 in. from the center extending
toward the load point for a distance of 5 in. At 17 000 Ih.
another crack was noticed 1 ft . 4 in. from the center on the
left, extending 2 in. vertically. At 18 000 lb. a crack
appeared 2 ft. 6 in, from the center on the left and extended
vertically 3 in.
,
branching off toward the left load point
3 in, and toward the left end along the reinforcement 4 in.
The beam failed by this last crack following the reinforcing
bars to the end. The maximum load was 19 000 lb. and as the
crack along the reinforcing bars opened up the load gradually
dropped to 2000 lb. where it remained constant. An examination
of the beam showed that the rods had slipped slightly. The
load—deflection curve may be seen on page 49.

At 14 000 lb. a orack appeared on the left 1 ft,
5 in. froin the center extending toward the l,/3 point 6 in.
At 16 000 Ih. a crack on the right appeared 1 ft. 9 in. from
the center, extending toward the 1/3 point. At this same
load another crack was observed 2 ft. 2 in. from the center
on the left, extending vertically 3 in. to the reinforcing
bars and from this point inclined toward the left load point.
The beam failed rather suddenly at the last named orack by the
crack following the reinforcing rods to the end of the beam.
The maximum load was 17 350 lb. The load dropped slowly to
2000 lb. An examination of the beam showed that the rods had
slipped 1/8 in. The load—deflection curve may be seen on
page 50.
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Fig. 9.
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Beam Ho. 513.1 after i^ailure.
The first crack appeared at 9000 l"b., 2 ft. 1 in.
to the left of the center and extended vertically 4 in. A
small crack appeared at 11 000 lb., 1 in. to the right of the
center and another at 13 000 lb., 1 ft , 3 in. to the right of
the center. At 14 000 lb. a small vertical crack appeared
4 in. to the right of the center. The beam failed suddenly
at 16 700 lb. at 2 ft. 1 in. to the left' of the center by the
crack following the reinforcement to the end of the beam.
The load—deflection curve may be seen on page 61.
'4

Beam No. 513. S after Failure.

21
Two oraoks appeared at 10 000 lb., one verticol
at the right 1/3 point, and the other 2 ft. to the left of the
center, extending vertically 3 in. Another crack 2 ft. 1 in.
to the right of the center appeared at 12 000 lb. As the
load increased, the crack on the left extended toward the load
point. The beam failed at 16 400 lb. by the crack on the
left following the reinforcing bars to the end of the beam.
The load dropped slowly to 2400 lb. where it remained constant.
The load—deflection curve may be seen on page 52,

Fig, 11.
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The first oraok appeared at 10 000 lb., 1 ft. 10 In.
froTi the center on the right. The fjrack extended 2 in.
vertically. At 12 000 lb., a crack appeared 1 ft . 6 in.
from the center on the right and extended vertically J5 in.
These were the only cracks which appeared and the beam failed
suddenly at 21 100 lb. by the crack on the right running along
the reinforcement to the nuts and back toward the load point.
The load—deflection curve may be seen on page 53.
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On acoount of the number of craoks in this beam each i
will be considered separately. At 14 000 lb. a orack appeared
6 in. to the right of the right l/3 point and extended vertioally
6 in. At 16 000 lb. it was inclined toward the load point and
was 8 in. high. At 19 000 lb. slight cracks followed the
reinforcement from the above crack. At 16 000 lb. a vertical
crack 3 in. long appeared at the center. At this same load
a crack appeared l/E in. outside of the left 1^3 point and
extended toward the center for 4 in. At the maximum load of
22 200 lb. this crack had crossed the vertical line from the
1/3 point at about 4 in. from the bottom of the beam and
extended toward a point half—way between the center and the
left 1/3 point and was 8 in. high. The beam failed at this
crack, A vertical crack 2 in. long appeared at 16 000 lb, at
the right 1/3 point. At 19 000 lb. it had crossed the vertical
line from the 1/3 point and was 5 in. high. At 18 000 lb. a
vertical crack 6 in. long was noted 1 ft . 6 in. from the center
on the left. At the maximum load of 22 ECO lb. the above
crack was 8 in. long and was inclined slightly away from the
load point. At the maximum load the deflection was 0.2 in.
and the load stayed within 1000 lb. of the maximum until the
deflection was 0.43 in. At 21 800 lb. a vertical crack 6 in.
long was noted 2—1/2 in. inside of the left 1/3 point. At
the above load crushing started at the top of the beam just
[
inside of the I'eft load point. The beam failed through tension
in the steel. The load—deflection curve may be seen on
page 54.

S6
Fig. 13.
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Beam No. 514.3 after failure.
The first crack appeared at 12 000 It., 1 ft. 8 in.
from the center on the right and extended vertically for 4 in,
A similar crack 2 in. long appeared at 14 000 lb,, 1 ft . 10 l/2in.
from the center on the left. At 16 000 Ih. a vertical crack
5 in. long appeared 1 in. to the left of the center. At
18 000 lb. a crack had branched off from the first crack and
followed the reinforcement for a short distance. At 22 000 lb.
the first crack had extended almost to the load point. At
22 000 lb. a crack appeared just outside of the right l/3 point.
This crack gradually lengthened and crossed the vertical line
from the 1/3 point at a point 6 in. from the bottoir of the beam.
At the maximum load of 23 500 lb. the above crack was 8 in,
high. As the beam continued to deflect the crack opened up
almost to the top of the beam. The concrete began to crush
just inside of the right 1/3 point at a load of 22 100 lb. The
beam failed by tension in the steel. The load—deflection
curve may be seen on page 55,
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Fig. 14.
Beam lo. 521.1 after Failure.
The first craok appeared at 20 000 lb., 4 in. to the
right of the center and ran upward for 4 in. At 22 000 Ih.
a second crack appeared on the right, 2 ft . 6 in. from the
center and was inclined slightly toward the load point. It
was 6 in. long. At the same load a craok 4 in. long was
noticed 1 ft. 5 in. from the center on the left and inclined
toward the load point. At 28 000 Ih. slight vertical cracks
were noticed 1 ft . 10 in. from the center on the right and
2 ft. 8 in. from the center on the left. The "beam failed at
a point 4 in. to the right of center at the crack first noted.
The maximum load was -31 100 l"b. and the heam failed hy tension
in the steel. The load remained near the maximum for some
time and the concrete slowly crushed at the top at the center.
The load—deflection curve may he seen on page 56.
A
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Fig. 15.
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Beam ITo. 5E1.2 after Failure,
The first notioa'ble crack was at the center of the
beam at 16 000 Ih, and was a vertical crack 3 in. long. At
18 000 Ih. a slight crack appeared at the left 1/3 point.
At 20.000 lb. two cracks appeared both inclined toward the
load points, one 2 ft. 3 in. to the left and the other 2 ft.
to the right. At 22 COO lb. a vertical crack 4 in, long
appeared 8 in. to the right of the center. At 24 000 lb. a
slight vertical crack appeared 6 in. to the left of the center.
At 26 000 lb. a crack 6 in. long appeared 1 ft . 6 in. to the
left of the center and inclined toward the load point. TIo
more cracks appeared until the maximuin load of 35 000 lb. was
reached. The crack first noted gradually opened up until at
the maximum load the bean failed at the center through tension
in the steel. The load stayed near the maximum until crushing
of the concrete started at the top at the center of the beam.
The concrete started crushing at a load of 33 300 lb; and a
deflection of 0.43 in. The load—deflection curve may be seen
on page 57.
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The first cracic appeared at 20 COO Ih., £ ft. 3 in.
to the right of the center and Inclined slightly toward the
load point. At 24 000 lb. a slight vertical crack was
noticed at the left l'?} point. At 26 000 Ih . a crpck appeared
2 ft. 4 in, to the left of the center and inclined toward the
load point. At the ahove load a vertical crack 2 in. long
was ohserved 1-1^2 in. to the right of the center. At 32 5001b.
the above crack had "opened almost to the top of the beam. The
load gradually dropped and crushing started at the top at the
center at 29 600 lb. The beam failed by tension in the steel.
The load—deflection curve may he seen on page 58.
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Fig. 17.
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Beam Ho. 521.6 after Failure.
No cracks appeared until 16 000 lb. when an
inclined crack 6 in. long appeared S ft. 4 in. to the left
of the center. At 18 000 lb. an inclined crack 1 ft. 11 in.
to the right of center appeared which at 26 000 lb. was 8 in.
from the bottom of the beam and almost to the load point. At
18 000 lb. a vertical crack 2 in. long appeared 6 in. to the
left of the center. At 20 000 lb. a vertical crack 2 in.
long was noted at the center of the beam. At 22 000 lb. the
crack 2 ft . 4 in. to the left of the center was inclined
tov/ard the load point 7 in. At the same load a vertical
crack 2 in. long was noted 2 in. outside of the left 1^3 point.
At 24 000 lb, two cracks appeared, both inclined toward the
load points and 4 in. long. They were 1 ft . 6 in. to the right
and 1 ft. 9 in. to the left of the center. The beam failed at
the center with a maximum load of 26 200 lb. through tension in
the steel. The load stayed nearly constant for some' time and
crushing started at the top of the beam at the eenter at a load
of 25 200 lb. There must have been some defect in the steel
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of this beam as the maximum load, and therefore the stress In
the steel, was very muoh lower than the other three "beams of
its kind. The load—deflection curve may be seen on page 59.
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^Ig. 18.
t < —> T
Beam No. 631.1 after Failure.
This "beam failed in a manner similar to !To. 512.1
at a load hut 500 lb. greater than T.o
. 512.1. ?he first orack
appeared at 14 000 Ih
.
, 1 ft. 10 in. to the right of the center
and extended vertically 4 in. and then toward the 1^3 point.
At 18 000 Ih. a crack appeared 1 ft. 9 in. to the left of the
center and extended vertically 2 in. The beam failed at
19 500 lb. by the crack on the right following the reinforcing
bars to the end of the beam. The load dropped to 7600 lb.
where it remained fairly constant. The load-deflection curve
may be seen on page 60.
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Fig, 19.
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Beam Ho. 531. S after Failure.
The first craci?: appeared at 12 000 lb., 2 ft. from
the center on the left and ran vertically for 3 in. , which is
the height of the reinforcing bars at that point. At 18 000 lb.
the crack was 5 in. high and extended toward the load point on
the left. At 14 000 lb. a similar crack appeared on the right
at the same distance and the same height. As the load was
increased the above crack extended toward the right load point
and at 22 000 lb. a slight hair crack was noticed following
the line of the reinforcement. The beam failed by the opening
of this crack at 24 000 lb. The load dropped slowly to
12 500 lb. See curve on page 61, plate 15.
'4
%K
Beam TIo. 541.1 after Failure.
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Cn aocount of the number of oracks each one will "be
discussed separately. At 16 000 lb. the first craok appeared
1 ft. 10 in. from the center on the left. It was Z-1 ^2 in.
long and extended toward the load point. At 18 000 lb. it
was 6 in. from the bottom of the beam, measured vertically,
and at 28 000 lb, 7 in. A similar crack appeared at the
same distance on the right at 18 000 lb. It then extended
5-1/2 in. high. At 26 000 lb. it extended 7 in. from the
bottom, vertically. neither of these cracks are visible in
the photograph. At 18 000 lb. cracks were noticed at the
left 1/3 point and 2 in. outside of the right 1/3 point. At
29 600 lb. the crack 2 in. outside of the right 1/3 point
had crossed the vertical line at the 1-^3 point at about 3 in,
from the bottom of the beam and extended toward a point half-
way between the right load point and the center. At this
load it was 7 in. high. The crack at which the beam failed
was 5 in. to the right of the center and at 2E COO lb. was
2 in. high. At the maximum load of 29 600 lb. the crack was
6 in. long and the load stayed constant almost at the maximum
for some time; but at 29 500 lb, crushing started just inside
of the right load point and the load dropped very slowly as
the crushing continued. The beam failed by tension in the
steel. The load—deflection curve may be seen on page 62.
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Beam No. 541.2 after Failure.
This "beam failed in a manner yery similar to the
preceding one. The first crack appeared at 12 000 lb., 1 ft,
7 in. to the right of the center and extended 4 in. toward the
load point. At 14 000 lb. a similar crack appeared 1 ft.
10 in. to the left of the center and was 2 in. long. At
16 000 lb. the crack had extended 6 in. farther toward the
load point. - The crack on the right was 7 in. high at this
load. At 16 000 lb. a small vertical crack 2 in. high was
observed 1-1/2 in. to the right of the center. At 20 000 lb.
a similar crack 2 in. long was noticed at the center. At
22 000 lb. cracks were noticed at the right and left 1/3 points
and extending for about 5 in. toward the center of the beam.
The maximum load was 2_8^ 450 lb., the beam failing at the crack
just to the right of the center. The beam failed by tension
in the steel. The load-deflection curve may be seen on page 63.
j
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The first crack In this beam appeared at 14 000 Ih.
1 ft. 10 In. from the center on the right. It was a rertlcal
crack 3 in. long. At. 16 000 lb. a Blrailar crack appeared
E ft. i in. from the center on the left. At P2 000 lb. a
slight vertical crack was noticed at the right 1/3 point and
gradually extended upward as the load increased until the
maximum load of 24 700 lb. was reached. The load remained
constant until the beam started to crush at the top. The
beam failed by tension in the steel, as an examination showed
that the rods had scaled. The load—deflection curve may be
seen on page 64.

Beam Ho. 551.2 after Failure
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Two craoT^s appeared at 14 000 lb., one a vertical
craolc 2 in. long at the left 1/3 point, the other a yertioal
crack 4 in. long 2 in. to the right of the left 1/3 point.
At 16 000 lb, 8 vertical crack 6 in. long waB noticed 1 ft.
11 in. to the left of the center. At 18 000 lb. three cracks
were found 1 ft. 5 in., 1 ft . 10 in., and 9 in. to the right
of the center. They were all vertical and were 3 in. , 6 in.
,
and 4 in. long respectively. At 20 000 lb. a small vertical
crack appeared 3 in. to the left of the center. The beam
failed at a load of £2 COO lb. by the crack 1 ft . 11 in. to
the left of the center, extending to the load point and
following the line of the horizontal reinforcement. The
beam failed by diagonal tension at a load which nearly developed
the elastic limit of the steel.
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Discussion,
The behavior of all of the beams of the same kind
|
was rery similar. There did not seem to be very much difference
|
between Beams Ho. 511, where the rods were bent to within 2-l/2inJ
of the top, and No. 512, where the rods were bent to within
j
5 in. of the top. By referring to Tables 5 and 6 it will be
seen that Beams !To. 511.1, 511.2, 512.1, 512.2, with i:^ rein-
forcement, and Beams Ko. 531.1 and 531.2, with 1.5Zfo rein-
forcement, failed at about the same maximum load. These beams
failed at about the same loads that would be expected in beams
with rods horizontal without stirrups. This fact and also
the fact that the crack at which the beams failed was a diagonal
one in all cases would tend to show thst these beams failed by
diagonal tension followed, and perhaps assisted, by the concrete
breaking away from the rods due to the deflection of the beam.
The fact that beams of exactly the same percent of reinforcement
as No. 511.1 and 511.2, with nuts and washers on the ends of
the rods, namely. Beams No. 514.1, 514.2, and 514.3, failed
by tension in the steel would tend to prove that the failure
of the beams v;ith rods not anchored was due to, or greatly
hastened by, slipping of the rods. This is further proved by
comparing Beams No. 541.1 and 541.2 with 512.1 and 512.2 and
also by comparing Beams No. 531.1 and 531.2 with 541.1 and
541.2. The fact that Beams No. 513.1 and 513.2 did not give
any higher loads than those beams in which all of the rods
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were bent up and not anchored shows that the failure was due to
the rods breaking away from the concrete and not to any slipping
\of the rods. Beams !To. 514.2. 514.3, 5E1.1, 521.2, 521.5,
521.6, 541.1, 541.2, and 551.1 all failed by tension in the
steel, which was usually followed by crushing of the concrete
at the top of the beam.
Table 6.
Table Showing- Maximum Load and Computed Data.
Beam Age when Maximum Deflection ""eroent Iiilaximum Unit Unit
?To. Tested Load at 160001b. of total Stress Shear Bond
days. pounds inches. load at in steel lb
.
per lb .pe:
which 1st lb .per sq. in. sq. in
Crack sq. in.
Appeared.
511.1 70 18 000 0.125 72 32 800 23'8'/>^ 304
511.2 65 20 000 .115 65 36 400 188i 239
512.1 70 19 000 .115 . 79 34 600 204
:
261
512.2 63 17 350 .08 80 31 600 163 " 208
513.1 70 16 700 .125 64 30 500 186 ' 201
513 .
2
62 16 400 .12 61 30 000 171 ^- 218
514.1 65 21 100 .13 47 38 300 155 I'.^a
-514.2 62 22 200 .12 73 40 300 164 208
-514.3 63 23 500 .10 53 42 600 173 220
•521.1 63 31 100 .085 71 41 700 228 211
-521.2 67 35 000 .08 37 46 850 257 238
-521.5 61 32 500 .08 61 43 600 239 221
521.6 62 26 200 .125 61 35 200 193 178
531.1 63 19 500 .075 72 22 700 '1^7 170
531.2 62 24 000 .075 50 27 800 215 ' 219
-541.1 61 29 600 .08 54 34 100 217 222
-541.2 62 28 450 .105 49 32 700 208 212
-551.1 63 24 700 .09 56 44 750 182 232
551.2 67 22 000 .11 63 39 900 162 206
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Table 7.
Result of Tests of Four Beams with Reinforcing Bars Horizontal
Beam No. Reinforcement Maximum Load Unit Stress Unit Unit
pounds in Steel Bond Shear
Ih.per sq.in. Ih.per Ih.per
sq.in. sq.in.
212.1 5. 1/2-in. rods. 20 000 28 450 148 147
212.2 do. 20 900 29 500 155 152
212.5 do. 15 400 21 900 114 112
212.6 do. 17 000 24 200 126 124
The hearas in Tahle 7 were tested hy luessers Foreman,
James and Kinsey, '07, and reported in their thesis on Tests
of Reinforced Concrete Beams: Resistance to Weh Stresses.
The "beams were made of 1:2:4 concrete, Chicago AA
cement, and were tested when 60 days old.
In comparison of the three methods of reinforcing
the concrete used in these heams it can easily he seen that
the Cummings* system, while efficient, is more expensive than
the other methods as the rods hare to be welded. The beams
which have all of the rods bent up with nuts on the end would
also be rather expensive as threads would have to be made on
the ends of the rods and the nuts put on them. This leaves
the system of two rods bent up and two straight as the least
expensive of the three. The fact that the second beam rein-
forced in this manner failed by diagonal tension at a load
which must have caused the steel to be stressed very nearly to
its elastic limit does not detract from the value of this
method of reinforcing beams to a veiy great extent. It might
be of interest to ma>e a test of unanchored beams with some or
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all of the rods "bent up and protruding from the end of the
beam in order that It may be seen when the rods begin to slip.
In column 4 of Tahle 6 is given the deflection of
each beam at a load of 16 000 lb. Although these deflections
show that "beams of the same reinforcement and anchorage have
about the same deflection at the same load, the fact is brought
out more clearly by comparing the load—deflect ion curves at the
end of this thesis. By comparison it is seen that Beams No.
511.1, c511.2, and 512.2 have almost exactly the same curves.
There is also a marked similarity between Beams ITo. 531.1, 531.2,
541.1, 541.2, 551.1 and 651.2. Beams ITo . 521.1 , 521.2 and
521.6 also have about the same deflections up to the maximum
load. The deflections also bring out the fact that the beams
with a large percent of reinforcement do not deflect as much as
those with a small percent of reinforcement,
V. CONCLUSIONS.
All but one of the beams which had the rods anchored
failed by tension in the steel.
Higher maximum loads are obtained in beams v/ith rods
bent up and anchored than in beams where all of the rods are
horizontal. This can be seen by comparing Tables 6 and 7,
The beams with rods bent up and not anchored gave
about the same results as beams with rods horizontal.- See
Tables 6 and 7
.

46
Beams with rods hent up should hHve the rods securely
anchored in order to prevent slipping.
V.'ith efficient anchorage, beams nay contain as much
as 1.5 J of steel without developing the full strength of the
concrete in compression.
It does not increase the strength of the beam to
hook the rods downward at the ends.
The following table gives average values shov/ing the
percent of the strength of the steel developed;
Cummings' Reinforcement
, 1. 32^, , 100
2, 1/2-in. rods bent, 2 straight, 100
4, 5/8—in. rods bent, with nuts 100
4, 1/2-in. do. 100
4, 5/8-in. rods bent to within 5 in. of top, . . 75.6
4, 1/2-in. do. 82.0
4, l/2-in. rods bent to within 2 1/2 in. of top 85.6
4, l/2—in. rods bent to within 2 1/2 in. of top
and hooked,
.
75,5
5, l/2-in. rods horizontal, 68.0
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ym
Beam No. 6IJJ
. ^ in. Plain Round RocJa
Rods benf upfo vYifhin in.ofiojc and hooked.
0.&3 Rer-cenf Rein •forcffmsni'
Maximum Load /STOO I b.
«U«KNE DIKTZQEN CO.. CNICAQO.

CUAKNE OirrZQKN CO.. CMICAQO.

OMKNK DIKTZaCN CO.. CHICAGO.
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«U«KNC DIKTZOCN CO., CHICAGO.

6^
«U«KNE DirrZQEN CO.. CHICAGO.
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«U«KNC DIKTZOCN CO.. CMICAQO.

67
CU«KN|; OICTZaCN CO.. CHICAGO.
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Plate /J
Beam ts/a.
Cumr??/r?gf3*Re/r?forcer?7enf
Universaf/ ^emsni"
1.32 Perceni" Rei'rrfor'cemeni'
M<^ximum L.oc^g/ 20200 }b.
CWAKNC OIKTZOCN CO.. CHICAGO.
§ <S <5 q5
imintiTithtrrrilnnnitmtiiiniiiiiliii^

T«U«K|«C DIKTZOKN CO.. CMICACO.
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Beam No,6J/.2
4-
-k'ln.Piair? Round fc'oJs
Z. Rods bent to within 2i in. o-f 1i>p af &ncls
2 /To s> frctig hi"
0,98 Percent Rein-forcemerrf'
MciAlmun? Uoac/ ZZOOO lb.
CU«KNC OIKTZOCN CO., CHICAGO.



